Abstract-The occurrence of the Indian Ocean Tsunami on 26 December, 2004 has raised concern about the difficulty in determining appropriate tsunami mitigation measures in Australia, due to the lack of information on the tsunami threat. A first step in the development of such measures is a tsunami hazard assessment, which gives an indication of which areas of coastline are most likely to experience tsunamis, and how likely such events are. Here we present the results of a probabilistic tsunami hazard assessment for Western Australia (WA). Compared to other parts of Australia, the WA coastline experiences a relatively high frequency of tsunami occurrence. This hazard is due to earthquakes along the Sunda Arc, south of Indonesia. Our work shows that large earthquakes offshore of Java and Sumba are likely to be a greater threat to WA than those offshore of Sumatra or elsewhere in Indonesia. A magnitude 9 earthquake offshore of the Indonesian islands of Java or Sumba has the potential to significantly impact a large part of the West Australian coastline. The level of hazard varies along the coast, but is highest along the coast from Carnarvon to Dampier. Tsunamis generated by other sources (e.g., large intraplate events, volcanoes, landslides and asteroids) were not considered in this study.
Introduction
Western Australia appears to experience larger tsunamis with a higher frequency of occurrence than other parts of Australia, primarily due to its proximity to the zone of tectonic activity known as the Sunda Arc, which skirts the southern edge of the Indonesian archipelago. In addition to the Indian Ocean Tsunami of 2004, four tsunami events have affected the coast of Western Australia with runup (maximum inundation height above sea level reached by the tsunami) of 2 meters or more (Fig. 1) , with the maximum recorded runup of 9 meters originating from the July 2006 Java earthquake. Although tsunamis have as yet caused no confirmed fatalities in Australia, dozens of bathers on some WA beaches were dragged out to sea (and subsequently rescued by boat) during the 2004 Indian Ocean Tsunami, and campers at Steep point (the purple bar in Assessing just how often and where significant tsunami runup might occur, however, is a difficult problem that would require either an extensive catalogue of historical tsunami inundation events, or sophisticated numerical modelling of the shoaling and inundation that occurs when a tsunami reaches the shoreline. The former does not exist for Western Australia, since there is little or no historical record prior to the 1800s. To the best of the authors' knowledge there has not previously been a probabilistic tsunami hazard assessment specifically for WA, although some preliminary assessments based on limited historic data or a restricted set of numerical models have been completed (RYNN and DAVIDSON, 1999; BURBIDGE and CUMMINS, 2007) . Here we present the first probabilistic tsunami hazard assessment for WA expressed in terms of an offshore tsunami amplitude which has a given probability of being exceeded per year. Offshore is defined here to be a water depth of 50 m or greater. Because the modelling of tsunami at this depth or greater is considerably simpler and is less sensitive to shallow bathymetry, thousands of potential sources of tsunami can be simulated, and the results combined into an aggregate 'offshore tsunami hazard map' that should provide some indication of which broad areas of the Western Australian coast are susceptible to tsunami impacts. These areas can then be taken as the focus of subsequent work using more detailed inundation modelling.
The tsunami hazard assessment described here was commissioned by the Fire and Emergency Services Authority of Western Australia (FESA) to cover the coastline of Western Australia. The coastline at which tsunami hazard has been assessed is therefore that of continental Australia west of 130°E longitude. Although results for other coastlines may appear in some figures, the hazard assessment presented here may not be valid for these coastlines (e.g., local tsunami may not have been adequately considered for Christmas Island or Indonesia). The sources considered to have a significant tsunami impact on the coastline of Western Australia are those in the Indian Ocean -in particular the Sunda Arc, east of 90°E longitude and west of 135°E longitude (Fig. 2) .
The only type of tsunami source considered in this study are subduction zone earthquakes generated along the Sunda Arc, because they are by far the most frequent source of tsunamis that affect the coast of Western Australia. Three quarters of the world's tsunamis are caused by earthquakes (GUSIAKOV, 2005) , and of the 18 historical Indian Ocean-wide tsunami events, only one was not caused by an earthquake (DOMINEY-HOWES et al., 2006) . The other sources of tsunamis are:
Volcanic eruptions. The 1883 eruption of Krakatau is the only known major volcanic eruption that has triggered a tsunami which has affected Western Australia. The Krakatau eruption caused a moderate (1-2 m runup) tsunami which was observed all along the WA coast (see Fig. 1 ). The recurrence time for major eruptions at Krakatau is thought to be 21,000 years (BEAUREGARD, 2001) . The potential for other volcanoes in the region generating a tsunami large enough to contribute to the tsunami hazard off WA is unclear.
Asteroid/meteorite impacts. These are a concern for any coastal community, with estimates of return times of 11,000 and 30,000 years for a (respectively) 2 m and a 5 m maximum amplitude offshore tsunami impacting Perth (WARD and ASPHAUG, 2000) . More
